Emile Zuckerkandl, Woese committed himself to molecular phylogenetics at a time when this power ful approach to the study of evolution was in its infancy. During the 1960s and 1970s, the Woese Laboratory at the University of Illinois at UrbanaChampaign developed and refined techniques for deriving sequence information from molecules of ribosomal RNA (core components of the cell's protein-synthesizing factory, the ribosome). Sequences were painstakingly obtained from diverse microbes and used as molecular yardsticks to infer how the organisms were related to one another and to animals and plants. Through the following two decades, as molecular sequencing got easier and cheaper, Woese's 'three-domains' tree -comprising archaea, bacteria and the nucleus-containing eukaryotes -served as the definitive road map for the field of comparative genomics. In many ways, it still does.
But life is complicated, and so are the scientists who study it. In his breezy, conversational style, Quammen shepherds us up and down life's vast timeline, and across 150-plus years of exciting, often controversial discoveries. He handles the complexities with humour and clarity (he's right: some ribosomes do look like rubber ducks). We learn about the seeds of "tree thinking" in biology, before and after Darwin's 1859 On the Origin of Species. We learn of a time when a natural classification of microorganisms was considered impossible (they were deemed morphologically too simple, physiologically too variable). We learn how molecular sequencing helped test and eventually prove the endosymbiont hypothesis for the origin of mitochondria and chloroplasts; these eukaryotic organelles are now known to have evolved from once freeliving bacteria.
And we learn that although molecular phylogenetics provided the means with which to build a universal tree of life that includes microbes, it also provided the data that ultimately led us to question the precise nature of the tree. From the late 1990s onwards, with dozens and eventually thousands of complete genome sequences in hand, biologists began to realize that the horizontal exchange of genes between distantly related organisms is an important evolutionary force. (Quammen also reminds us that, as early as 1963, medical microbiologist Tsutomu Watanabe and colleagues provided evidence for horizontal gene transfer as a mediator of antibiotic resistance in bacteria.) Because genes have "moved sideways", not all genes in a given genome share the same history. Current evidence suggests that this is also true for at least some macro organisms (such as plants). The tree of life is tangled, some branches hopelessly so.
At Sinéad Walsh and Oliver Johnson Zed (2018) In 2014, as West Africa's Ebola crisis exploded, 28-year-old physician Oliver Johnson was co-running the isolation unit in Sierra Leone's main hospital; Sinéad Walsh was Irish ambassador to the country and head of Irish Aid. Their in-depth memoir enshrines distinct perspectives on the front line of a fraught epidemic, to offer a nuanced analysis: we see both the Herculean efforts on the ground, and the humanitarian response, warts and all (see also P. Piot Nature 537, 484-485; 2016) . Among the lessons learnt, the need to respect local 'citizen medics' and collaborate with governments is pure gold.
Getting to Zero

Reader, Come Home Maryanne Wolf harPer (2018)
This rich study by cognitive scientist Maryanne Wolf tackles an urgent question: how do digital devices affect the reading brain? Wolf explores the "cognitive strata below the surface of words", the demotivation of children saturated in on-screen stimulation, and the power of 'deep reading' and challenging texts in building nous and ethical responses such as empathy. She advocates "biliteracy" -teaching children first to read physical books (reinforcing the brain's reading circuit through concrete experience), then to code and use screens effectively. An antidote for today's critical-thinking deficit. Above all, Quammen reminds us that science is an imperfect, highly social activity. It happens in labs -but also in hallways and airports, over pizza or coffee. And as with any other human endeavour, egos and reputations play a huge part. Friendships are forged, broken and mended over perceived or actual slights in the literature or at conferences. The actual data matter less often than we would like to admit.
Fly Girls
To what extent is the tree metaphor still 'useful'? On this thorny question, Quammen is clear: among practising scientists, opinions differ greatly. Horizontal gene transfer is here to stay -it's now a question of how, how much, how important and between which organisms. And it is here that our twenty-first-century science connects back to the centuries-old struggle to classify and make sense of the world around us. At root, science and philosophy are interwoven in ways that many of us fail to realize, a fact to which Quammen is wisely alert. ■
